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The right-hand member of (11) tends to dimmish as JJL increases, but it remains considerable for all natural substances.    If p = 2,
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Oblique Pencils. — Hitherto we have supposed that the axis of the pencil coincides with the axis of the lens. If the axis of the pencil, though incident obliquely, pass through the centre of the lens, it suffers no deviation, the surfaces being parallel at the points of incidence and emergence. In this case the primary and secondary foci are formed at distances from the centre of the lens which can only differ from the distance corresponding to a direct pencil by quantities of the second order in the obliquity. Hence, if the obliquity be moderate, we may use the same formuloe for oblique as for direct pencils.
The consideration of excentrical pencils leads to calculations of great complexity, upon which we do not enter.
Chromatic Aberration. — The operation of simple lenses is much interfered with by the variation of the refractive index with the colour of the light. The focal length is decidedly less for blue than for red light, and thus in the ordinary case of white light it is impossible to obtain a perfect image, however completely the spherical aberration may bo corrected. From the formula for the focal length we see that
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so that
or the longitudinal chromatic aberration varies as the focal length and as the dispersive power of the material composing the lens. The best image will be formed at a position midway between the two foci, and the diameter d of the circle over which the rays are spread bears the same ratio to the (scmi-aperture of the lens (y) that Bf bears to /. Hence
The diameter of the circle of chromatic aberration is thus proportional to the aperture and independent of the focal length ; and, since the linear dimensions of the image are proportional to the focal length, the confusion due to chromatic aberration may be considered to be inversely as the focal length. Before the invention of the achromatic object-glass this source of imperfect definition was by far the most important, and, in order to mitigate its influence, telescopes were made of gigantic length. Even at the prcsont day the images of large so-called achromatic glasses are sensibly impaired bymount (^ - l)t. The ray DAF, which traverses only the extreme edge of the lens, is retarded merely on account of the crookedness of its path, and
